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225Ac Dosimetry Considerations 

• Complexity of 225Ac decay chain

• Stability of chelation and targeting scaffold

• Integrity of SRT following decay

– Fate and toxicity of daughter isotopes released during 

decay

• Half-life of 225Ac and daughters

• PK and tumor cell-uptake

– nanogenerator



225Ac Dosimetry Needs 

Pre-clinical:

• Indirect methods to determine activities of administered 
225Ac and daughter isotopes

• Methods to determine activities in tissues (BD)

• Methods to determine micro-dosimetry

Clinical:

• Companion imaging tracer with comparable PK and BD

• Computational methods to estimate PK using companion 

imaging data 

• Computational methods to estimate dosimetry of 225Ac and 

daughters using companion imaging data



Moffitt 225Ac Dosimetry Methods 

Pre-clinical:

• Use of isomeric gamma spectra to calculate associated alpha 

emission activity of 225Ac and daughters.

• Ex vivo BD time-course to calculate time-activity curves for use 

in calculating dosimetry via the MIRD schema.

• Multicompartment PK modeling using BD data.

• Alpha-camera acquisitions and IHC staining for correlating 

mechanism of cellular damage and cell-death with 

microdosimetry.

• Companion imaging tracer development.

• Ga-67 SPECT (2.8 d T1/2) and Ga-68 PET (20 min T1/2)

Clinical:

• Companion image-based multicompartment PK modeling.

• Personalized voxel-based dosimetry.



Determination of 225Ac and daughter product 

α-emission activities

• Accurate measurement of activities in pre-clinical models 

is necessary for development of computational methods 

for estimation of clinical dosimetry.

• Few have instrumentation to directly measure α-emission 

activity.

• 225Ac and daughters in decay chain have associated γ-emissions.

• Measure gamma spectra to calculate associated α-emission 

activities of 225Ac and daughters.

• Dose calibrator measurements and gamma counters 

have different sensitivities

• Monte Carlo simulations are used to determine the activity 

response relationships between the different instruments.



Gamma spectra for calculation of alpha activities

225Ac decay chain

Gamma spectrum of 225Ac and decay 

products in a tissue specimen using a 

NaI(Tl). 

*



Canberra high resolution gamma spectrometer 

with HPGe detector (1.5 keV resolution)



BD time course with calculated alpha 

activities for 225Ac and daughter 

isotopes



Fitting calculated BD activities: 
can be done for γ-emitting isotopes in decay chain

225Ac SRT



Dosimetry calculations per MIRD



Dose calibrator vs. NaI(Tl) gamma counter: 
Monte Carlo simulations are used to determine 

the activity response relationship

Geometry of the Monte Carlo 

model.
• Cell 2: NaI; 

• Cell 3: MgO; 

• Cell 4: Al; 

• Cell 6: Polyethylene; 

• Cell 7: Air; 

• Cell 8: H20 with 225Ac, 221Fr, 
213Bi source distributions.

See Tichacek poster



MCNP simulated 2.9 µCi 225Ac gamma 

spectrum matched the 4.0 µCi spectrum

measured with NaI(Tl) detector

See Tichacek poster



Activity response relationship between 

dose calibrator reading and Monte Carlo 

matched spectra activity

See Tichacek poster



Multi-compartmental PK model

Schematic

System of ODE’s that represent 

the change in compartmental 

radioactive concentrations

See Tichacek poster



Multi-compartmental PK model fitting and 

rate estimation using calculated alpha 

activities
Fitting the model solutions to the experimental BD data with optimization by 

the genetic algorithm. 
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Compound kti kto kni kno kki kko kke kli klo kle 

225Ac-DOTA-Ahx-MC1RL 0.0031 0.0008 0.0130 0.0025 0.0034 0.0035 0.0008 0.1193 0.0227 0.0002 

225Ac DOTA-di-D-Glu-MC1RL 0.0026 0.0003 0.0010 0.0057 0.0015 0.0071 0.0002 0.0022 0.0081 0.0001 

 

Calculated PK transfer and elimination rates for two 225Ac SRTs.  All values 

are [1/hour].

See Tichacek poster



Microdosimetry: Alpha-camera 

acquisitions and IHC staining

• Ex vivo alpha-camera 

images of tissue sections 

can determine regional 

heterogeneity of activity 

distribution.

• IHC of the same section to 

register activity-related 

damage and mechanism of 

cell death.

Ionizing-radiation Quantum Imaging 

Detector (iQID, Center for Gamma 

Ray Imaging, The University of Arizona)

tumor

kidney



Voxel-based dosimetry for clinical 

translation of 225Ac SRT

See Moros abstract



Conclusions:  Considerations and Needs

• Complexity and timing of the 225Ac decay in 

relationship to radiopharmaceutical stability, 

uptake and clearance.

• Decay product toxicity in clearance organs.

• Small molecule and peptide agents with rapid uptake 

and clearance – the nanogenerator approach.

• Companion imaging tracers with BD comparable 

to the SRT are needed for clinical 225Ac voxel-

based dosimetry for clinical risk assessment.



Conclusions:  Methods

• Clinical companion imaging data can be used for multi-

compartmental modeling to estimate PK.

• Accurate 225Ac and daughter isotope activity 

determinations are necessary to enable the use of pre-

clinical studies to inform computational models for clinical 

risk assessment.

• Gamma spectra for calculation of isotope-specific alpha activities.

• Activity response relationship for instrumentation used in 

measurement of low activities used for pre-clinical 

measurements.

• Microdosimetry methods are needed to understand 

regional dosing and mechanisms of damage and cell 

death. 
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